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Methods

Bichat Stroke Program
Patients were identified from a prospective clinical registry of patients with AIS treated between April 2007 and November 2011 at Bichat University Hospital. Detailed material and methods have been previously reported. 21 All patients underwent a magnetic resonance angiography (MRA) or CT angiography before treatment to document arterial occlusion. Patients eligible for intravenous treatment with a documented vessel occlusion received a combined intravenous/intra-arterial dose of 0.9 mg/kg (intravenous, 0.6 mg/kg; intra-arterial, 0.3 mg/kg) in case of documented arterial occlusion; in the absence of recanalization after intravenous/intra-arterial rt-PA administration, additional mechanical endovascular therapy was performed using either the snare (eV3) or the Solitaire (Covidien) devices. 5 Patients with a documented arterial occlusion who were not eligible for intravenous rt-PA were treated by intra-arterial rt-PA (dose 0.5 mg/kg), followed by adjunctive mechanical endovascular therapy if the occlusion persisted. In patients with a contraindication to rt-PA, a direct mechanical endovascular therapy approach was considered. 21
Patient Consent and Protocol Approval
Informed consent was obtained from the patient or surrogate, and the research protocol was approved by the Ethics Committee from Ambroise Pare Hospital.
Sample Selection
Patients with a complete occlusion of internal carotid artery or middle cerebral artery (M1 and M2 segments) treated by endovascular therapy and evaluated by a pretreatment diffusion-weighted (DWI) imaging were enrolled in this substudy.
Data Collection
Data were prospectively collected using a structured questionnaire. The severity of the ischemic stroke was assessed using the NIHSS score at admission and 1, 3, and 24 hours after initiation of treatment. Time from symptom onset to cerebral imaging (MRI), to initiation of therapy (rt-PA administration by intravenous or intraarterial if contraindicated or local thrombectomy device deployment if rt-PA is contraindicated) was also recorded. Arterial status of the occluded artery was monitored with conventional angiography during the intra-arterial approach, and time to recanalization was noted. Recanalization was measured using the thrombolysis in myocardial infarction (TIMI) score 22 by 2 staff members (E.M. and M.M.). Successful complete recanalization was defined as a complete restoration of blood flow (TIMI 3). All patients had a CT or MRI scan 24 hours after treatment onset to assess hemorrhagic complications. The modified Rankin Scale at 3 months was assessed during face-toface interviews or via telephone calls by a senior vascular neurologist (E.M. or M.M.) certified for modified Rankin Scale scoring.
DWI Lesion Measurement
Diffusion maps were reprocessed by the RAPID software. 15 
Clinical Outcome Definitions
The primary study outcome was the percentage of patients who achieved a favorable outcome at 90 days, defined by a modified Rankin Scale score of 0 to 2. Secondary outcomes included 90-day mortality, hemorrhagic transformation, and symptomatic intracerebral hemorrhage, as described. 25
Statistical Analysis
Data are presented as mean (SD) or median (interquartile range [IQR]) for continuous variables and percentage (count) for categorical variables. DWI lesions were divided into tertiles to describe the association with baseline characteristics and outcome. Comparisons between tertiles were made using the Cochran-Mantel-Haenszel trend test for categorical variables and ANOVA (nonparametric for skewed baseline data) with linear contrast. Similar results were obtained when DWI lesion volume was analyzed as continuous variable (using the Spearman rank correlation for continuous baseline data and Mann-Whitney U test for categorical variables). For each clinical outcome, we calculated the odds ratios (ORs) for the upper tertiles of DWI lesion volume relative to the lowest; because a gradual change in ORs was found, we also computed the ORs per 1 SD increase of DWI lesion volume (after logtransformation of volume+1 to reduce the skewness). Logistic regression analyses were used to adjust for potential confounding factors selected on the basis of their significance with DWI lesion volume in univariate analyses (P<0.20). Because a strong correlation was found between DWI lesion volume and admission NIHSS score, multivariate analyses were performed with and without the inclusion of admission NIHSS score. Finally, to further evaluate the impact of DWI lesion volume on the success of reperfusion therapy, we compared clinical outcomes between the TIMI grades in each DWI lesion volume tertile using the χ 2 test (or Fisher exact test when the expected cell frequency was <5). Further comparisons were done in subgroups defined by previously published DWI selection criteria (the MRA-DWI mismatch 19 ; the clinical-DWI mismatch 18 ; and very large infarction >70 cc). 20 We did not attempt to test heterogeneity in the DWI lesion subgroups because of the small sample size in some strata. Statistical testing was done at the 2-tailed α level of 0.05. Data were analyzed using the Statistical Analysis Software package, release 9.3 (SAS Institute, Cary, NC).
Results
Over a 4.5-year study period, 210 consecutive patients with an AIS complicating an acute internal carotid artery or middle cerebral artery occlusion were treated by endovascular therapy. Among them, 157 patients (75%) underwent an MRI before recanalization therapy. Of these, 18 patients with no or poor quality DWI were excluded, resulting in a study sample size of 139 patients with a measured DWI lesion volume ( Figure I in the online-only Data Supplement).
DWI Lesion Volume, Baselines, and Clinical Outcomes
The median delay from symptom onset to MRI was 110 minutes (IQR, 77-178), and the median DWI lesion volume was 14 cc (IQR, 5-43). Five (4%) patients had no DWI lesion. Increasing DWI lesion volumes were correlated with admission NIHSS score (r=0.42; P<0.001) and not with MRI delay (Spearman correlation coefficient, r=0.14; P=0.10). Table 1 shows baseline characteristics of the study sample. Large DWI lesion volume was more frequently associated with internal carotid artery occlusion. Patients with large DWI lesion were more frequently treated by direct endovascular treatment and tended to be younger. Compared with patients who did not experience clinical recovery, a favorable outcome was associated with a smaller DWI lesion volume (median, 9 versus 21 cc; P<0.001). Conversely, patients who died at 90 days and those who experienced a hemorrhagic transformation after reperfusion therapy had a larger DWI lesion volume ( Figure 1 ). After categorization of DWI lesion volume into tertiles, the rate of favorable outcome decreased gradually with increasing by guest on May 29, 2017 http://stroke.ahajournals.org/ Downloaded from tertiles, whereas the 90-day mortality and hemorrhagic complication rates increased. These relationships between increasing DWI lesion volume and outcome remained significant in multivariate analysis, including potential confounding factor ( Table 2) .
DWI Lesion Volume and Impact of Recanalization
Sixty-five (47%) patients experienced a complete recanalization (TIMI 3) within a median delay from symptom onset of 238 minutes (IQR, 206-285), and 39 (28%) a partial recanalization (TIMI 2) within a median delay of 269 minutes (IQR, 219-350). Patients who experienced a complete recanalization tended to have a smaller median DWI lesion volume (10 cc; IQR, 3-31) than patients with partial recanalization (21 cc; IQR, 6-59) or than patients with no recanalization (19 cc; IQR, ; P for between-group comparison=0.07).
Overall recanalization was associated with an increased rate of favorable outcome, especially when complete recanalization was achieved ( Table I in the online-only Data Supplement). After adjustment for DWI lesion volume and compared with patient with no recanalization, the OR of favorable outcome was 2.96 (95% confidence interval, 0.95-9.25) for partial recanalization and 11.85 (95% confidence interval, 4.06-34.57) for complete recanalization. When patients with no or partial recanalization were combined together, the OR of favorable outcome after complete recanalization was 6.32 (95% confidence interval, 2.90-13.78). After stratification on DWI lesion volume tertiles, a complete recanalization remained associated with an increased rate of favorable outcome in the upper 2 tertiles ( Figure 2 ); crude ORs (95% confidence interval) of favorable outcome for complete recanalization was 2.44 (0.70-8.52) in the first tertile, 10.77 (2.78-41.75) in the second tertile, and 10.83 (2.51-46.66) in the last tertile. A complete recanalization was also associated with a favorable outcome in patients who did and in those who did not have DWI-MRA or a clinical-DWI mismatch ( Table 3) . Among the 19 patients with a large DWI lesion volume (>70 cc), a complete recanalization tended to be associated with an increased rate of clinical recovery (43% versus 8%; P=0.12). The largest DWI lesion volume associated with a favorable outcome was 20 cc for patients with no recanalization, 76 cc for patients with partial recanalization, and 121 cc for patients with complete recanalization. Recanalization was also associated with a lower rate of mortality (Table II in the onlineonly Data Supplement) and with a lower rate of hemorrhagic transformation ( Table III in the online-only Data Supplement). As for favorable outcome, the impact was stronger when complete recanalization was achieved. Regarding the DWI lesion volume subgroups, complete recanalization was associated with a lower rate in the upper 2 tertiles of DWI 
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Discussion
The results presented above demonstrate that the size of acute ischemic lesion outlined by DWI was strongly related to clinical outcome in patients undergoing endovascular treatment. Compared with partial and nonrecanalizers, patients with large DWI lesions (>32 cc) did experience an increased rate (>60%) of clinical recovery after a complete recanalization. Concurring with previous studies, 26, 27 the first part of our results confirms that baseline DWI lesion volume is a strong independent predictor of dependency, death, and hemorrhagic transformation after endovascular treatment. In 1999, the investigators of the Prolyse in Acute Cerebral Thromboem bolism II trial used NIHSS to stratify the severity of acute ischemic stroke and demonstrated that intra-arterial prourokinase was beneficial in the subgroup of patients with moderately severe AIS defined by NIHSS 10 to 20 but not in patients with a mild (NIHSS 0-10) or a very severe AIS (NIHSS >20). 8 The second part of our study supports the same type of relationship using DWI lesion volume, a criteria highly correlated with NIHSS. In the present study, successful recanalization was associated with a higher rate of clinical recovery in patients with no clinical-DWI or MRA-DWI mismatch who did not seem to benefit from early recanalization in previous studies. 18, 19 However, Diffusion and Perfusion Imaging Evaluation for Understanding Stroke Evolution 1 and 2 substudies suggested that several patients with no clinical-DWI or MRA-DWI mismatch did have a target DWI-perfusion-weighted imaging mismatch and may, therefore, be improved by a complete reperfusion. 28, 29 In addition, a complete recanalization was associated with an increased odd of clinical recovery and a decreased mortality rate in subgroups of patients with DWI volumes associated with poor outcome in nonrecanalizers or partial recanalizers. Finally, some patients with a DWI lesion volume >70 cc did experience a good outcome after recanalization, conversely to what has been previously published. 20 These original findings suggest that the occurrence of a complete recanalization significantly alters the outcome despite a large DWI lesion.
Although MRI and femoral puncture were obtained 4.6 and 6.2 hours in the target mismatch patient in Diffusion and Perfusion Imaging Evaluation for Understanding Stroke Evolution 2, MRI and recanalization were achieved, respectively, 2 and 4 hours after symptom onset in the present study. 23 In addition, the median delay from onset to recanalization measured in the study by Yoo et al 20 that reported no benefit in patients with a DWI lesion >70 cc was 7 hours. Therefore, we hypothesize that the delay to recanalization might have played a role in the results observed. Nonetheless, 63% of the patients with a DWI lesion volume >70 cc died after endovascular treatment. In conclusion, regarding the conflicting results and the few published cases, additional studies are needed at this early timepoint to define which patients with a very large ischemic lesion on DWI may benefit from endovascular treatment. In the meantime, a cautious case by case selection is strongly recommended.
However, there was no significant relationship between a complete recanalization and an increased rate of good outcome in patients with a small DWI lesion (<8 cc). In this subgroup, the vast majority (85%) of the patients did experience a partial or complete recanalization. Patients with both TIMI 2 or 3 recanalization rate had high rate (>70%) of clinical recovery, whereas only 28% of the nonrecanalizers (TIMI 0-1) experienced a good outcome (P=0.069). We assume that the absence of statistical difference may be because of a lack of power and should not preclude treating those patients.
Our study has several limitations. As reported in the results, patients with the largest ischemic lesion were younger than the patients with small DWI lesion volume. This selection bias is a consequence of previous analyses that demonstrated with others that intra-arterial treatment was not beneficial in octogenarians. 30, 31 The second shortcoming of the study is related to its small sample size. As a consequence, some strata defined by DWI lesion volume and TIMI flow grades were too small to detect some differences and perform multivariable analyses as the relationship with delay to MRI or type of treatment. Our results remain to be confirmed in larger multicenter trials. Third, as demonstrated by previous studies, DWI/perfusion-weighted imaging MRI criteria, such as target mismatch or malignant profile, outperform DWI-based criteria for the selection of patients to recanalization therapy. 19, 29 Hence, the lack of perfusion imaging in our study has to be considered as a limitation.
In conclusion, our results emphasize the importance of initial DWI volume and recanalization on clinical outcome after endovascular treatment. Because of the potential beneficial 
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August 2013 effect of complete recanalization on patients with large DWI volume, our findings suggest that endovascular reperfusion treatment may be considered cautiously on a case-by-case basis.
Future studies comparing medical with endovascular treatment and using the last development of multimodal imaging may help clarify the selection criteria for acute endovascular treatment.
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